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INTRODUCTION

This Working Paper represents the Fort Hood Army Research Institute (ARI)
Field Unit contribution to the TRADOC Test and Experimentation Command (TEXCOM)
(Provisional) report of the 1987 Remotely Piloted Vehicle (RPV) (Aquila) Force
Development Test and Experimentation (FDTE). This report was submitted to
TEXCOM on 12 January 1988.

The report is presented in four sections. Section I presents a summary of
conflict resolution information gathered from an analysis of video tapes.
These analyses are in response to Evaluation Plan Criteria 2.2.1.2.2 ("The GCS
crew must identify incomplete mission order request forms and high risk or
nonexecutable missions, and resolve conflicts.") Section II presents the

“results of questionnaires administered after each RPV flight to assess the

impact of a fourth crewmember of GCS operations. Section III also addresses
the impact of a fourth crewmember on GCS operations but presents data from
questionnaires administered at the end of the test. Section IV is a narrative
summary of the results.

The purpose of this report was to provide TEXCOM with data that could be
integrated with data from other sources in producing a final report. The
organization and format of this report reflect that purpose.




I. GCS Crew-TOC Conflict Resolution

Figures 1 through 4 address Evaluation Plan criterion 2.2.1.2.2, "The GCS
crew must identify incomplete mission order request forms and high risk or
nonexecutable missions, and resolve conflicts". The videotapes made of a) the
MC receiving an RPV mission at TOC, b) crews planning a mission, and ¢) crews
flying a mission, were scored as to the number of times that a GCS crew
questioned the TOC as to the feasibility of the mission given to the RPV, and
the number of times that the crew explained RPV capabilities to the TOC. On
the 20 flights (4 crews executing 5 missions) that were scored, there were a
total of 79 such communications. As can be seen in Figure 1, 29 of these
occurred during mission briefing at TOC, 25 occurred during mission planning,
and 25 occurred during flight. Thus, conflict resolution was fairly evenly
spread out over the three phases of mission execution, although 68% of the

conflict resolution that occurred did take place prior to mission flight.

Figures 2 through 4 show the proportion of total éommunications that were
devoted to conflict resolution during each of the mission execution phases. As
can be seen in Figure 2, conflict resolution is the predominant communications
activity during mission briefing at the TOC, making up 88% of the MC-TOC
communications in that phase. During mission planning (Figure 3) the total
number of conflict resolution communications stays about the same as during
mission briefing, although the proportion of conflict resolution events
relative to the total number of communications during mission planning falls to

about eight percent. Finally, during flight (Figure 4) the absolute number of



1

conflict resolution events remains about the same as in the previous phases,

although as a proportion of the total communications in mission flight it falls

to less than 1%.

In summary, then, it appears that crews did engage in conflict resolution
during the execution of RPV missions with about two-thirds of such activity
occurring prior to mission flight and one-third occurring during mission

flight.
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II: Post-flight Guestionnaires

At the end of each flight the four crewmen attended an ARI debriefing and
completed the gquestionnaire found in Appendix A. In all, 92 post-flight 1
gquestionnaires were completed. The respondents were instructed to complete the l
questionnaire as it pertained to their latest flight. - ‘

|
|
|
\

Descriptive statistics are shown below, with brief item explanations. (The
exact wording of each item is presented in Appendix A.) The data are given for
{1) all crew members, then for (2) each position, then for (3} each crew.

ALL CREW HEMBERS

item 1: Did you look for targets?
Ho = | Yes = 91

Item 2: Who reported the first target detection?
ME = 12 Tech = 23 AVO = 14 fir0 = 39 No response = 2
Ttem 3: Who reported most target detections?

HC = 4 Tech = 9 AVD = 13 HMPD = 5i No response

13

Ttem 4: Rank order importance of each crewman for target detection.
{1.0 most important; 4.0 least important)

4
KT flean = 2.7 &0 = (.9
Tech Hean = 3.3 8D = 0.9
avao Mean = 2.5 €D = 0.8
MFO fgan = 1.3 5D = 0,7

ftem

Ln

Who was unnecessary for target detection?
HC = 15 Tech = 34 AVO = ¢ RO = 0 No one = 43

Item &: Rank order importance of each crewman for target recognition,
{1.0 most important; 4.0 least important)

MC Mean = 2.4 8§D = 0.9
Tech Hean = 3.3 8D = 0.9
V0o Hean = 2.7 &§D = 0.9
MFPQ Fean = 1.6 5D = 1.0

Item 7: Who was unnecessary for target recognition?
HE = 10 Tech = 39 AYO = I HFO = ©  HNo one = 40

Item 8 Rank order importance of each crewman for overall mission success.
(1.0 most important; 4.0 least important)

HC fean = 2,4 8D = 1,1
Tech HMean = 2.9 &D = {.1
AVD Mean = 2.2 &80 = 1.0
HFO Hean = 2.4 8D = 1.0

Item 9

.

Who was unnecessary for overall mission success?
MC = 12 Tech = 27 AV = 0 ARG = 0 No one = 53
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Item 10:

Item 1i:

Compare workload of normal tlights with latest flight.
{1.0 not busy at all; 10.0 very busy)

Normal Mission Hean = 7.4 50 =

Latest Mission Hean = 4.2 5D

0
)

e
Lo
2.

Ferform own tasks / Ferform other crew members’ tasks.,
(1.0 = Totally owun tasks; 10.0 = Totally others tasks)
Mean = 2.& Sh = 1.8

MISSION COMMANDERS

ITtem

Item

Item

Item

Item

Itenm

Item

i:

P

L

.

Did you look for targets?
No = 9 Yes = 23

Who reported the first target detection?
HEC = § Tech = & aVO = & HFOD = &

i

Ho response

Who reported most target detections?
MC = 3 Tech = 2 AVO = 4 PO = 14 Mo responze = 0

Rank order importance of each crewman for target detection.
(1.0 most important; 4.0 least important)

MC Hean = 2.7 8D = 1.0
Tech HMean = 3.2 8D = 0.9
AV0 Mean = 2.3 8D = 0,9
HEO Mean = 1.7 6§D = 1.0

Who was unnecessary for target detection?
HC = @ Tech = 3 AvVO = 0 FFD = ¢ No one = Z0

Rank order importance of each crewman for target recognition.
(1.0 most important; 4.0 least important)

MC Hean = 1.6 8D = 0.5
Tech Hean = 3.1 8D = 0.9
Ay Hean = 2.9 5D = 0.9
MO flean = 2.2 8D = {.3

Who was unnecessary for target recognition?

HC = @ Tech = 5 AvVOD = 3 MPO = 0 Mo one = 15

Rank order importance of each crewman tor pverall mission success.

(1.0 most important; 4.0 least important)

FC Mean = 2.6 5D = 1.2
Tech Mean = 2.8 5D = 0.9
AVO Mean = 2.3 8D = 1.1
HRO Mean = 2.4 8D = 1.0

Who was unnecessary for overall mission success?
HE = @ Tech = ¢ avo = 0 HEG = 0§ No one = 23



Item 10:

item 11:
TECHNICIANS
Item 1i:
Item Z:
Item 3
Item 4:
Item §:
Item &:
Item 7:
Item 8:
Item 9:

Compare workload of normal flights with latest flight.

(1.0 not busy at all; 10.0 very busy)
Normal Mission fean = 7.6 SD = 1.4
Latest Hission fiean = 4.5 8l = 2.3

*

Ferform own tasks / Ferfornm other crew members’ tasks,

(1.0
Mean

i u

2.1 5D = 1.7

Did you look for targets?
Ho = 0 Yes = 23

Who reported the first target detection?
HC = 3 Tech = 4 AVD = MFO = 14

Who reported most target detections?
HC = 0 Tech = 3 AVvD = 2 RO = 9

Rank order importance of each crewman for
(1.0 most important; 4.0 least important)

4
HMC Mean = 2.4 5D = 0.4
Tech HMean = 3.9 8D = 0.5
aY0 Hean = 2.4 §D = 0,7
HFO fiean = 1.1 8D = 0.5

Who was unnecessary for target detection?
HC = 0§ Tech = 15 AVOD = 0 MFO = O

fank order importance of each crewman for
(1.0 most important; 4.0 least important)

MC flean = 2.5 §D = 0.4
Tech Mean = 3.8 &0 = 0.4
AV flean = 2.5 8§D = 0.7
HFO Hean = 1.0 8D = 0.2

Totally own tasksy 10.0 = Totally

others tasks)

h
e

No response

it
~Q

Mo response -

target detection.

Ho one = 8§

target recognition.

Who was unnecessary for target recognition?

HC = 1 Tech = 14 AVD = ¢ HFO = 0

Rank order importance of each crewman for

{1.0 most important; 4.0 least important)
MC Hean = 2.1 58D = 1.0
Tech HMean = 2.2 8D = 1.0
AYO Mean = 2.2 8D = 0.9
MO Mean = 2,4 5D = 1,2

Ho one = §

overall mission success.

Who was unnecessary for overall mission success?

HC = Tech = 12 @AVD = ¢ HPO = ¢

No one = {9



Item 10 Compare workload of normal flights with latest flight.
{1.0 not busy at all; 10.0 very busy}
Normal Mission figean = 6.8 5D = 2.2
Latest Hiszion Hean = 4.5 50 = 2.4

Item 11: Ferform own tasks / Ferform other crew members’ tasks,
(1.0 = Totally own tasks; 10.0 = Totally others tasks)

- .

Mean 3.5 SDh = 2.2

ii

AIR VEHICLE OPERATOR

Item 1: Did you look for targets?
No = 1 Yes = 22

Item 23 Who reported the first target detection?
e = 2 Tech 7 avo = 4 HPO = 9 No response

#

n

Item 3: Who reported most target detections?
= 3 AV0 = 4 HPD = 13 No response

MC = Tech

Item 4: Rank order importance of each crewman for target detection.

(1.0 most important; 4.0 least important)

HC Mean = 3.0 8D = 0.9
Tech Mean = 3.0 8D = 1.1
avo Hean = 2.7 8D = 0,9
MFD flean = 1.3 8D = 0,6

[ 4]

Item Who was unnecessary for target detection?

MC = ¢ Tech = 8§ AVOD = O HFO = O Mg one = &

H

H

Item &: Rank order importance of each crewman for target recognition.

(1.0 most important: 4.0 least important)

MC Mean = 2,7 8D = 1,0
Tech Mean = 3.1 8D = 1.0
AVO Mean = 2.6 8D = 0,8
HPO fiean = 1.5 8D = 0.8

~i
e

Item Who was unnecessary for target recognition?

MC = 4 Tech = ii AVOD = 0 PO = 0 No one = 8

Item B8: Rank order importance of each crewman for overall mission SUCCESS.

(1.0 most important;
KC Mean = 2.7 5D

i

.0 least important)

ii
-

Tech Hean = 2.8 580 = 1.3
AVD Mean = 2.3 8§D = 1,2
MFPO Mean = 2.2 8D = 0.7

Item 9: Who was unnecessary for overall mission success?
HE = & Tech = 8 AVD = 0 MPO = O No one = ¢

16



Item 10 Compare workload of normal flights with latest flight.
(1.0 not busy at ally 1G.0 very busy)
Normal Mission Mean 7.3 gD =
Latest Mission Mean 3.0 5D

(L]

it

e |
ed B

Item 11: Ferform own tasks / Perform other crew membhers’ tasks.
(1.0 = Totally own tasks; 10.0 = Totally others tasks)
Hean = 2.8 S = 1.5

MIGEION FAYLOAD OPERATOR
Ttem 1: Did you look for targets?
No = @ Yes = 23
[tem 23 Who reported the first target detection?
e = 2 Tech = & AYD = 5 HPD = 10 Mo response

1
o

Item  3: Who reported most target detections?

MC = i Tech = 1 AYO = 3 MPOD = 15 Mo response 3

it

ftem 4: Rank order importance of each crewman for target detection.
{1.0 most important; 4.0 least important)

MC .HMean = 2.9 8D = 0.8
Tech Mean = 3.3 8D = 0.9
AVO Mean = 2.6 80 = 0.8
HFO Mean = 1.2 8D = (.53

Item G: Who was unnecessary for target detection?
fC = & Tech = 8 AYD = 0 HWPO =0 HNo one = 9

Item &: Rank order importance of each crewman for target recognition.
(1.0 most important; 4.0 least important)

MC Hean = 2.5 8D = 1.0
Tech Hean = 3.2 8D = 0.9
AVO Hean = 2.8 8D = 1.0
MPO Mean = 1.6 &D = 1.0

Ttem 7: Who was unnecessary for target recognition?
HC = 3 Tech = 9 avlh = 0 FPO = 0O Mo one = 9

[tem @ Rank order importance of each crewman for overall mission suce
(1.0 most important; 4.0 least important)

g

25,

1IN | -

MG fean = 2.3 §D 1.2
Tech Hean = 3.0 8D 1.3
AVO Mean = Z.1 5D = 6.9
HPQ Hean = 2.6 &D = 1.0

Item 9: Who was unnecessary for overall mission success?
MG = 5 Tech = 7 AVO = 0 HPOD = 0O Mo one = 14

11



ftem

Item

CREW

Item

Item

Item

item

Item

item

item

item

1i:

[ ]

(21
an

1]
P

e

Compare workload of normal flights with latest flight.
{1.0 not busy at ally 10.0 very busy)

Normal HMission Hean = 7.8 Sp o= 1.9

Latest HMission Mean 4.9 8D = 2.1

Ferform own tasks / Ferform other crew members’ tasks.
{i.0 = Totally own tasks; 10.0 = Totally others tasks)
Hean = 2.1 5D = 1.7

Did you look for targets?
Mo = O Yes = 24

Who reported the first target detection?
ME = 1 Tech = 4 fV0 = 8 HFO = 11 No response ¢

it
<

Who reported most target detections?
HC = | Tech = | Y0 = 10 WFO = 9  No response

i

Rank order importance of each crewman for target detection.
{1.0 most important; 4.0 least important)

HC Mean = 2.7 8D = 0.9
Tech Hean = 3,6 &0 = 0.9
AVD Mean = 2.0 &0 = 0.8
HFO Mean = 1.B 8D = 1.0

Who was unnecessary for target detection?
HC = 4 Tech = 13 AV = O HFOD = © Mo one = 7

Fank order importance of each crewman for target recognition.
(1.0 most important; 4.0 least important)

MC Mean = 2.2 §D i.0
Tech HMean = 3.2 &D 1.0
avo Hean = 2.3 §8D = 0.8
HMFO Hean = Z.4 8D = (.3

Who was unnecessary for target recognition?
HC = 3 Tech = 13 AVOD = 0 WFG = O Mo one = 8

Rank order importance of each crewman for overall mission success.
1.0 most important; 4.0 least importanti

MC Mean = 2.0 8D = 0.9
Tech HMean = 3.3 &0 = 0.8
AVD Hean = 1.7 &0 = 0.8
HFD fMgan = 2.7 8D = 1.0

Who was unnecessary for overall mission success?
HC = | Tech = 9 AVO = O fFO = O Mo one = 14



item

item

Item

Item

10

ii:

3

4
nn

Compare workload of normal flights with latest flight.
(1.0 not busy at alli 10.0 very busyl
Normal Hission Hean = h.2 8D = 2.4
Latest Mission Hean = 2.9 5D = 1.8
Ferform own tasks / Perform other crew members’ tasks.
{1.0 = Totally own tasks; 10.0 = Totally others tasks)
Hean = 2.4 8D = 2.1
Did you look for targets?
No = Yes = 23
Who reported the first target detection?
HC = Tech = 4 AVO = 0 HPD = 9  No response = 2
Who reported most target detections?
L = Tech = 0O AVOD = 1 HRFD = 9 Mo response = 1i
Ttem 4: Rank order importance of each creuwman for target detection.
(1.0 most important; 4.0 least important)
HC fiean = 2.0 8D = 0.0Q
Tech Hean = 3.4 8D = 0.6
avo Mean = 3.4 8D = 0,4
MFQ Hean = 1.0 8D = 0,2
Ttem 35: Who was unnecessary for target detection?
HC = © Tech = 7 AVO = 0 HEQ = 0O Mo one = 17
Item é&: Rank order importance of each crewman for target recognition.
(1.0 most important; 4.0 least important)
HC flean = 2.0 8D = 0.0
Tech Hean = 3.4 8D = 0.4
Avo flean = 3.4 8D = 0.4
MFO Mean = 1.0 8D = 0.2
Item 7: Who was unnecessary for target recognition?
HC = © Tech = 8 AVO = O HFO = 0O No one = 1§
Item 8: Rank order importance of each crewman for overall mission success.
(1.9 most important; 4.0 least important)
He fean = 1.4 8D = 0.7
Tech H#Hean = 2.6 8D = 1.1
AVD feanm = 3.0 8§D = 0.7
MPO Hean = 3.0 8D = 0.9
Item 9: Who was unnecessary for overall mission success?

HC = 0 Tech = 4 AVD = O HFO = O No one = 20



Itenm

item

CREW

item

Item

iten

Item

Item

Item

Item

10:
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Compare workload of normal flights with latest flight.
{1.0 not busy at all; 10.0 very busy

Normal Mission Hean = 7.7 8D = 2.7
Latest Hission Hean = 4.5 80 = 0.9

Ferform own tasks / Perform other crew memhers’ tasks,
(1.0 = Totally own tasks; 10.0 = Totally others tasks)
1.6 8p =

Mean = 0.9

Did you look for targets?

Ho = 0 Yes = 20

Who reported the first target detection?

HC = O Tech = 7 AVO = & MFQ = 7 No response = 0
Who reported most target detections?

MC = 0 Tech = & AYO = 2 HFOD = 12 No response = §

Rank order importance of each crewman for target detection.

(1.0 most important; 4.0 least important)
fiC Mean = 2.9 8D = (.9
Tech HMean = 2.9 5D = (.2
AYO flean = 2.8 5D = 0.¢
MFQ fean = 1.2 8D = 0,7

Who was unnecessary for target detection?
HC = 8 Tech = 2 AYO = O Hrg = 0 No one = 10
Rank crder importance of each crewman for
{1.0 most important; 4.0 least important!
HC Hean = 2.4 8D = 1.3

target recognition.

[

Tech Mean 2.8 8D = 1.2
AVD Mean = 2.8 §&D = 0.7
MFO Mean = 1.8 5D = 0.8

Who was unnecessary for target recognition?
HC = & Tech = § AVG = 3 HEd = 0 No one = &

each crewman for overall mission success.
least important)

Rank order importance of
{1.0 most important; 4.0

MC Mean = 3.1 &80 = i.4
Tech HWean = 1.5 8D = 0.4
AVa Hean = 3.1 58D = 6.4
MFPO Hean = 2.3 8D = 0,7

Who was unnecessary for overall mission success?
HE = 10 Tech = ¢ AY0 = 0 HFO = O Mo one = 10

14
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[tem

Itenm

Itenm

Item

iis

n]
an

Lof
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Compare workload of normal flights with latest flight.
(1.0 not busy at ally 10.0 very busy)

Normal HMission Mean = 9,1 50 = 1.2

Latest Hission flean = 3.7 50 = 2.8

Perform own tasks / Perform other crew members’ tasks.,
(1.0 = Totally own tasks; 10.0 = Totally others tasks)
Mean = 2.9 8b = 1.8

Did you look for targets?
No = O Yes = 24

Who reported the first target detection?
HC = 2 Tech = 8 AV = 2 HFO = 12 No response

it
L]

kho reported most target detections?
HC = O Tech = 2 AYG = 0 HFO = 21 No responss

ii
—

Rank order importance of each crewman for target detection.
{1.0 most important; 4.0 least important)
MC Fean = 3.3 S§D = 0.6

Tech Hean = 3.4 3D = 0.8
avo Hean = 2.1 8D = (.5
HFO Hean = 1.0 8D = 0.7

Who was unnecessary for target detection?
HC = = Tech = {2 AVOG = 0 PO = 0 Mo one = 9

Rank order importance of each crewman for target recognition.
(1.0 most important; 4.0 least important)

HC Mean = 2.4 8D = 1.3
Tech Mean = 2.8 8D = 1,7
AY0 Hean = 2.8 8D = 0.7
HFO FMean = 1,8 SD = 0.8

Who was unnecessary for target recognition?
HC = 1 Tech = 13 AVv0 = 0 HFG = 0 No one = 10

Rank order importance of each crewman for overall mission success.

{1.0 most important; 4.0 least important)
[i1® Hean = 3.3 68D = (.5
Tech Hean = 3.6 8§D = 0.5
Avo Mean = 1.3 G§D = 0.5
HFG  Mean = 1,7 8D = 0.8

Who was unnecessary for overall mission success?
MG = 1 Tech = 14 AVO = 0 HFO = © No ope = 9



[tem

Item

10:

11

(1.0 not busy at all; 10.0 very busy)
Normal Mission Hean = 4,9 8D = 1,7
Latest Mission Hean 5.8 Sh = 1.

od

H

~1

Ferform own tasks / Perform other crew members’ taske,
{1.0 = Totally own tasks: 10.0 = Totally others tasks)

-

Hean = 3.2 80 = 1.9

|
|
|
|
Compare worklioad of normal flights with latest flight. |
|
|
|
\

16



III: Fost-Test Buestionnaire

At the end of the test all crewmen attended an ARI debriefing and completed
the guestionnaire found in Appendix B. In all, {7 pust-test questionnaires
were completed. The respondents were instructed to complete the guestionnaire
as it pertained to their overall experience of the GCE.

Descriptive statistics are shoun below, with brief item explanations. (The
exact wording of each item is presented in Appendix E.) The data for items one
through nine are given for (1) all crew members together, on pages 11 & 13Z;
then for (Z) each position, on pages 13-15; then for {(3) sach crew, on pages 15-
17. The responses to items i0 & 1i are summarized on pages 18-21.,

ALL CREW MEMBERS

Ttem 1: Frequency of eguipment obstruction in BCS.
(1.0 = Hever; 10.0 = @il the time)
Mean = 5.4 §b = 2.5

Item 2: Severity of egquipment obhstruction.
(1.9 = Honey 10.0 = Very much)
Hean = 3.9 5D = 2.1

item 3 Equipment which obstructs.
{Equipment which two or more respondents listed as obstructions,)
Radio rack 13
Teleprinter &
Chairs 4
Chemical warning box 4
Headset cables 3
NDU plotting arm 3
Feople 3
Cover on lights 2
Cabinet over
plotting table 2
Item 4&: Effect of equipment obstructions.

{Comments made by two or more respondents.)

Interferes with movement in GCS g
Slows mission performance 4
Headset cables obscure console displays and controls 2z

Item 5: Crowdedness of GCS.
{1,0 = crowded; 10.0 = spacious)
Hean = 3.7 Sh = 2.1
Item é&: Technician only: Fatigue due to lack of seat.
{1.0 = very fatigued: 10.0 = no fatigue)
Mean = 4.3 50 = 3.4

e
~4
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item

Item

Item

Iten

Item

Itenm

o

Commo net congestion due to fourth man.
{i.0 very muchy 10.0 = none)
Mean 7.2 8D = Z.6

Effect of fourth man on mission performance.
{1.0 = lowers a loty 10.0 = helps a lot)
Hean = 4.9 S = 2.2

Respondent Comments. Nine comments indicated that having a fourth
crewman was helpful in handling communicaticons. Three comments
indicated that record keeping was helped. Two comments indicated
that it helped in GMD operations.

Overlap of HMission commander and Technician duties.
(1.9 = noney 10.0 = very much)

" -

Hean = 6.2 Sh o= 2.9

See pages 18 & 19,

See pages 20 & 21,

Mo usable data were obtained.

Mo uvsable data were obtained.

1d




HISSION COMMANDER

Item 1 Freguency of eguipment obstruction in GOCB.
(1.0 = Mevery 10,0 = A1l the timel

|
|
- .
Mean = 5.0 8D = 2.7

Item 22 Severity of eguipment obstruction.
(1.0 = None; 10.9 = VYery muchl
Mean = 2.5 8D = 1.0

Item G: Cruwdedneas,of GCS.
(1.0 = crowded; 10.0 = spacious)
Hean = 4.0 80 = 1.4

Ttem &: Technician only: Fatigue due to lack of seat.
(1.0 = very fatigued; 10.0 = no fatigue)
N/A 5D = N/A

ii

fMean

Item 7: Commo net congestion due te fourth man.
(1.0 = very much; 10.0 = none!
flean = 7.5 §D = 2.4

item 8: Effect of fourth man on miszion performance.
{i.40
Mean

lowers a lot; 10.0 = helps a lot)
7.8 5D = 1.0

Hou

Item %: Overlap of HMission commander and Technician duties.
(1.0 = noney  10.0 = very much)
flean = 5.0 §b = 2.7

‘TECHHICIAN

Ttem 1: Freguency of equipment obstruction in BGCS.
(1.0 = Nevery 10.0 = A1l the time)
Mean = 4.8 E0 = 2.9

[tem 2: Severity of squipment ohstruction.
(1.0 = Noney 10.0 = Very much)
Hean = 3.0 80 = 2.8

Item 5: Crowdedness of GCS.
{1.0 = crowdedy 10.0 = spacious)
Hean = 3.0 8D = Z.4

Item & Technician only: Fatigue dus to lack of seat.
(1.0 = very fatigued;y 10.0 = no fatigue)
Hean = 4,3% 8D = 3.4

[
~3




|

item 73
Item 8:
Item 9:

Comme net congestion dus to fourth man.
{1.0 = very muchy 10.0 = none)

i

Mean = 8.3 80 = 1.5

Effect of fourth man on mission performance.
(1,0 = lowers a loty 10.0 = helps a lot)
Mean = 7.8 80 = 2.1

Overlap of HMission commander and Technician duties,
{i.0 = noney 10,0 = very much}
Mean = 6.3 8D = 3.0

RIR VEHICLE OPERATOR

Item 1:
Item 23
Item 3:
Item 6
Item 73
Item B:
item 9:
MISSION

Item 1:

Fregquency of eguipment obstruction in GCS.
(1.9 = Mevery 10.0 = A11 the time)
Mean = 3.8 80 = 1.7

Severity of equipment obstruction.
(1.0 = Noney 10,0 = Very much)
fean = 3.0 50 = 0.8

Crowdedness of GCS
{1.0 = crowded; |
3.8 §h =

]

0.0 = spacious)
Hean 2.

;.2
s

Technician only: Fatigue due to lack of seat.
(1.0 = very fatigued; 16.0 = no fatigue)
Mean = N/A 50 = N/A

Commo net congestion due to fourth man.
(1.0 very muchy 10.0 = nons)
fean = 5.5 5D = 3.5

i

Effect of fourth man on mission performance.
(1.0 = lowers a lot; 10.0 = helps a lot)
Hean 4.8 50 = 2.6

Hoy

fverlap of Mission commander and Technician duties.
(1.0 noney 10,0 = very much)
Hean 3.3 gD = 2.2

FAYLOAD OPERATOR

Frequency of eguipment obstruction in GCS.
{1.0 = Nevery 10.0 = All the time)
Mean = 5,8 80 = 2.6
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Item

Item

Item

Item

item
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Severity of equipment ohstruction.
{1.0 = Noney 10.0 = Very much)
Hean = 5,0 8D = 2.0

Crowdedness of GCS.
(1.0 = growded; 10.0 = spaciocus!
flean = 2.4 5D = 1.1

Technician only: Fatigue due to lack of seat.
(1.0 = very fatigued; 10.0 = no fatigue)
Hean = N/A 80 = N/&

Commo net congestion due to fourth man.
(1.0 = very much; 10.0 = none)
Mean = 7.4 5D = 2.8

Effect of fourth man on mission performance.
(1.0 lowers a loty 10.0 = helps a lot)
Mean 7.2 S = 1.8

1"

Overlap of Mission commander and Technician duties.
(1.0 = noney 10.0 = very much)
Hean = B.0 5D = 1.7

Frequency of egquipment obstruction in BCS.
(1.0 = Nevery 190.0 = A1l the time)
Mean = 4.0 5D = 2.9

Severity of equipment obstruction.
(1.0 = Noney 10.0 = VYery much)
Mean 3.8 S0 = 2.2

i

Crowdedness of GCS.
{1.0 = crowded; 10.0 = spacious)
Hean = 3.4 8b = 3.0

Technician only: Fatigue due to lack of ssat.
{1.0 = very fatigued; 10.0 = no fatigue)
HMean 3.0 S0 = 0.0

Commo net congestion due to fourth man.
(1.0 = very much;y 10.0 = none)
Hean 7.4 50 = 3.2

Effect of fourth man on mission performance.
{i.0 = lowers a lot; 10.0 = helps a lot)
Hean = 5.8 Sh = 0.8

21
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CREW

Item

item

Item

item

Item

Iten

Iten

CREW

Item

Item

Item
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{i.0
Hean

none;  10.0 = very much)
.6 S0 = 2.9

o

Fregquency of equipment obstruction in BCS.
(1.0 = Mevery 10,0 = All the time)
flean 6.8 5D = 2.9

i

Severity of equipment obstruction.
(1.0 = Noney 10.0 = Very much)
Hean = 3.0 80 = 2.7

Crowdedness of GCS.
(1.0 = crowded; (0.0 = spacious)
Mean 2.5 80 = 1.3

il

Overlap of Mission commander and Technician duties. }
|
|

Technician only: Fatigue due to lack of seat.

(1.0 = very fatigued; 10.0 = no fatigue)
fMean = 1.0 SD = 0.0

Commo net congestion due to fourth man.
{1.0 = very much;y 10.0 = none}
Hean = 8.3 80 = 1.7

i

Effect of fourth man on mission performance.

{1.0 = lowers a lot; 1G.0 = helps a lot)
Mean 2.0 5D = 1.4

it

Overlap of Mission commander and Technician duties.

{1.0 = none; 10.0 = very much)
Hean 6.5 SD = Z.6

Freguency of equipment obstruction in BCS.
(1.0 = Hever; 10.0 = al1 the time)
Hean = 3.8 ah = 1.5

Severity of equipment obstructicn.
(1.0 = Noney 10.0 = VYery much)
Mean = 3.3 S0 = 1,3

Crowdedness of BCS.
{1.0 = crowded; 10.0 = spaciocus}
Mean = 5.0 80 = 1.8

fh ]
k]



Ttem &: Technician only: Fatigue due to lack of seat.
. (1.0 = very fatigued; 10.0 = no fatigue)
Mean = 4.¢ 80 = 0.¢

Item 7: Commo net congestion due to fourth man.
{1.0 = very muchy 10.0 = pone!
Mean = 7.8 80 = 1.9

Item B8: Effect of fourth man on mission performance,.
{1.0 = lowers a lot; 10.0 = helps a lot)
Mean = 6.0 5D = 3.4

|

‘ Item 9: Overlap of Mission commander and Technician duties.
{1.0 = pone; 10,0 = very muchj
Mean = 5.5 80 = 3.1

CREW D

Item 1: Frequency of equipment obstruction in BCS.
(1.0 Never; 10.0 = All the time)
HMean = 4,8 g0 = 2.7

)

i

Item 2: Severity of equipment obstruction.
{1.0 = Noney 10.0 = Very much)
Mean = 3.8 8D = 2.2
item 3: Crowdedness of GCS.

(1.0 = crowded; 10.0 = zpacious)
Hean = 4.0 50 0= 1.4

Item 6@ Technician only: Fatigue due to lack of seatl.
(1.0 = very fatigued; 10.0 = no fatigue)
Hean = 9,0 8D = 0.0

Item 7: Commo net congestion due to fourth man.
{1.0 = very much; 10.0 = nonel
flean = 3.3 SD = 2.0

item 8: Effect of fourth man on mission performance.
(1.0 = lowers a lot; 10.0 = helps a lot)
flean = 7.4 50 = 1.2

Item 9: Overlap of Hission commander and Technician duties.
{1.0 = noney 10.0 = very much)
Hean = 6.3 80 = 2.2

o]
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The following pages summarize the responses to items 10 and il, in which
the crewmen listed their duties during: (i) mission planning and (2} mission
flight. Items for which the duties of the HMC and the TC overlap are displayed
in bold type for emphasis.

Reference: Duties listed in Item 10 (Mission Planning)
{. Supervise mission planning process

2. Heceive mission order from TOC
3. Deconflict mission order with TOC

4. Brief crew on micssion order {including enemy situation, etc.)
3. Frepare situation overlay

4. Evaluate weather conditions / Gather weather data
7. FPerform map reconnaissance

8. FPlan waypolints

9. Prepare mission planning worksheet
i0. Prepare targetisearchlfile worksheet
i, Enter miesion plan and other data
12. Verify mission plan
13, Flot plan on VDU

i4, Coordinate AV handoff
13, Advise WC on probability of mission accomplishment

16. fOutline how to fly mission



Table {. Crew responses to Item 10

Itenm Me TC AYD HEO
t BD ch C
2 ARCD C
3 ABCD BRC ]
i ABED BC
5 BD At B AERD
6 AC BC ED AR
7 ARCD c b
g AB BC b ECD
g AR BC b
10 AR BC D
i1 ABD £D
12 ABC BC AR A
i3 ] B ARCD
i4 i AD
t5 ED
i c

Table 1 displays cren reports of their Aquila duties during mission
planning. For example, for item | “Supervise mission planning process®, MC's
from crews B%D, TC's fram crews C&D and the AYO from crew Cy all reported that
this was part of their Aquila duties during mission planning.




Reference: Duties listed in Item i1 {Mission Flight)

tJ

P
-

]
ot
.

Activate and check system
Supervise overall mission

Operate AVOD console

Operate WMFO console

Operate MC console

Search for targets and DRL
Maintain flight/duty Ipg
Coordinate GCS crew activities
Coordinate RPV section activities
Maintain communications with TOO
Lead post-flight debriefing

8hut down system

Set up / monitor MIH

Communicate with flight operaticns
Operate air conditioners

Monitor power supply

Ensure tactical doctrine and commander ‘s intent

Monitor AV status at VDU
fidvise MC
Flot direct targets

Launch, handoff, and recover AV



(
} * Table 2. Crew responses to Item i1
Item He Tt Avo HFO
i ED ACD
. 2 AREC ch
K BC AED
4 D ACD
. S AED D b
b REC ABRCD BD ABCD
7 &ED D
g AEC Co
g B i b
10 ABCD ABD ABD ABD
i1 3
i2 BD ACD
3 E fi C
14 A
3 A
16 fi
7 B
ig B
19 R
20 B
21 C BCD

Table 2 displays crew reports of their Aguila duties during missicn
flight. For example, for item | “Activate and check out systems®, AY0's from
crews BYD, and MFO's from crews A,C%D reported that this was part of their
fguila duties during mission flights.



I¥: Summary

[£H Primary results from the post-flight guestionnaire, which was administersd
at the end of each flight, are as follows:

ALL CREW HEWMBERS COMBINED

.

1Y As expected, although all crewmen reported iooking for targets, the creus
reported that the mission payload opsrator {(HFO) detected the most
targets and was usually the first to detect a target.

——
[pv]

The BCS crews rated the WPD the most important crewman for target
detection and recognition.

{3) HNo crew members considered the MPO unnecessary for target detection,
target recognition, or overall micsion success.

(4} Essentially, no crew members considered the air vehicle operator {(AV0O)
unnecessary for target detection or mission success.

(3)  18%, 1i% and 13% of the crew responses rated the mission commander
unnecessary for target detection, target recognition and mission
surcess, respectively.

—
o~
—

37%, 42% and 29% of the crew responses rated the technician UnnEecessary
for target detection, target recognition and mission SUCCESS,
respectively.

target detection, recognition, or mission success.

{7} The crew members reported that their workload during FDT&E flights was
lighter than during regular flights.

o0

The crewmen reported that they usually performed their own tasks during a
mission., However, there was no consistent pattern across crews concerning
the allocation of tasks during flights. In particular, the HL and TC
tasks varied greatly between crews. (See post-test guestionnaire results
on pp 19 & 20.}

MISSION COMHANDERS

{1} The HC's rated the TC unnecessary for mission success on 50% of the

missions,
{2} The MC's rated themselves unnecessary for mission success on only 5% of
the missions,
TECHHICIANG

{1} The TC's rated themselves unnecessary for target detection on 44% of the
missions.
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The TC's rated themselves unnecessary for target recognition on 45% of
the missions,

m
=
h

been unnecessary for mission success.
AIR VEHICLE OPERATORS and MISSION FAYLOAD OFERATORS

{1} The AY0's and MPO's indicated that the MC was unnecessary for mission
success on 25% of the missions.

won
]

The AYO's and MFO's indicated that the TC was unnecessary for mission
SUCcess on 36% of the micsions.

CREW DIFFERENCE

LeY

Three crews (A,B, & D) seldom, or never, found the HC unnecessary for

The TC's indicated that only on 10% of the missions had they or the HC's

mission success, However, 30% of the post-flight debriefs for crew C found the

ML unnecessary for mission success, '

In crews A & D (in which HCO's served as technicians) over 40% of the
debriefs found the TC unnecessary for mission success. For crews B & O {in
which warrant officers served as technicians) only 18% of crew B post-flight

debriefs, and 0% of crew C post-flight debriefs, found the TC unnecessary for
mission success.

RESEARCHER COMMENTS

{1}  Researcher observations seem to indicate that, over all four trews, the

degree of leadership displayed by the HC was inversely related to that of the
TC.

{2} The crews’ workload during the test flights was not as high as that

expected in more realistic scenarios, There were several reasons for this, of
course. One reason was the AYO's lack of duties during the tlights. In any

tase, one must be rautious in generalizing results from the FOTE tao figuila
operations in more realistic situations.



B: The post-test guestionnaire {Appendix E) ang debriefing interviews
provided the basis for the following observations.

{1} The BCS with a four man crew is reported to be somewhat crowded.

2} The TC is subjected to unnecessary fatigue due to the lack of

{3} When asked to list their duties, during mission planning and mission
flight, there is considerable variation across and amon
how they perceive their tasks tgo be allocated. The most notable

observation, perhaps, is that the MCO's

while warrant officers (crews B & £) who served as techni
having many of the same tasks as the HC's. This tinding was not so
salient for the mission flights (Table 2 p 21).

“

Researcher comments

A1l BCS crewmen should he provided adeguate seating. The present
arrangements made for the TC's are inadequate.
Attention needs to he given to differentiating HC and TC duties,
especially in the light of the HO's greatsr tactical knowledge, the TC's
greater technical knowledge, and the ey
operate 24 hours per day.

30

seating.

§ Crews concerning
who served as technicians {creus
A & D) reported having few tasks during mission planning {(Table i, p 19},
cians reported

‘pectation for the Aguila RPY battery to
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AFFENDIX A: Fost-Flight fuestionnaire

) We are investigating the effect of crew size on the success of the
mission. Your responses will influence decisions that will be made concerning
the organization of the GCS crews when this system is fielded. It is,
therefore, important that you respond thoughtfully and forthrightly. Your
responzes will be held confidential, and will not be attributed to you as an
individual. Answer the following items as they pertain ONLY to the mission you
have most recently completed.

GLS crewn Flight number

fooe
m
[l
m
~
~.

Position: HMC__ Tech__ AVO__ HPO__ SSH flast four)

(1}. Did you look for targets Yeg No -
during the flight?

{2}, Which crew member reported HC__ Tech__ AYO__ HPO
the first target detection?

(3). MWhich crew member{s) reported MC__ Tech__ AYO__ #PO
most target detections?

{4). Using a 1 for most important, a 2 ME__ Tech__ AYO__ #PO__
tor second and so on, rank the
importance of each crew member for
target detection,

(3. Check any crew members who were HC___ Tech__ AVO__ HFO
unnecessary for target detection.

(6. Using a 1 for most important, a 2 MC Tech__ AVO__ HPO__
for second and so on, rank the
importance of each crew member for
target recognition.

(7). Check anvy crew members who were MC__ Tech__ AYO__ MPO__
unnecessary for target recognition.

{8). Using a 1 for most important, a 2 HC__ Tech AYO__ HFOD
for second and so on, rank the
importance of each crew member to
the pverall surcess of the mission.

(9). Check any crew members who were MC___ Tech___ AVOD__ HPO
unnecessary to the pverall success
gf the mission?

31
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{10},

P‘d

B.

mission
NORMAL HMIBSION i..

not busy at al
LAST MISSION | R

not busy at al

RPFV battery flies a mission) to how busy you were during your last

N T P T

1

a
H
ES

{i.e., when only the GCS crew were involved).

vaBe T 10
very hbusy

Fe.. 10
very busy

Comment below on any differences hetween your answers to & and B.

Indicate the extent 1o..2..
to which you worked totally on
on your tasks and on my tasks

other crew members
tasks,

PR T My

TeeeBeeFa 10
totally on
others tasks

l.ist the tasks you were assigned on the last mission.

List the tasks you performed on the last mission.




AFFENDIX E: Post-Test Guestionnaire

GCES crew o Date

Foeition: MC__ Tech__ AVO__ HMPO__ 55N {(last four) |

[11 ALL: How often does the [ QPR ST I - T
equipment physically get in never

VOour way?

{21 abb: How severely does this Lowo 200530004, ,.8, 006,
physical interference lower not at
mission performance? all

[31 ALL: List the specific equipment which gets in your way.

NV R T

all the
time

N I - B £
very
much

[41 ALL: Explain how egquipment interference lowers mission performance.

[31 ALL: How crowded are the | PPN R S TP TR D AIE - TR - SN X 1)
GCE working conditions? crowded spacious

[61 TECH ONLY: How fatigued are PR S Y I Y - SR AN S S £ ¢
you by the lack of seating? very fatigued not at ali

[71 ALL: To what extent does AP P SRR I TS - T A - - S 1
the fourth man increase very much not at alil

commc net congestion?

T
Wt

]



{Bal

[8b]

ALL: How has adding a PR S . SR T S - DU S 1
fourth crew member affected lowers no helps
mission performance? a iot effect a lot
ALL: I+ it helps, on what taskes does it help?

ALlL: Yo what degree do | PP T T T TR ST T SR ¥
the duties of the MC and not at very
the technician overlap? all much

(103 ALL: Describe in full your duties in planning a mission {use attached

list as a general reference).




¢
(113 ALt:

Describe in full your duties in flying a mission f{use attached
list as a general reference).




K3

'y

¢
[127 ALL:

What duties, if any, overlap with those of another crew member?
In what ways do they overlap? If the averlap is an UNNBCESEAry
duplication of effort, whom do you think should have primary
resposibility for that duty? Why?




£131 BiL:

»

fre there duties that are performed at

should be performed at another position
are and who should performs =ach one.

one position that really

bl

If so, explain what they

red

g




